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CHAPTER 1 
INTRODUCTION
1.1 Introduction  
Demands of high bandwidth for present and future communication system, 
especially in multimedia communication have forced new technology to support 
these kinds of applications. Optical communication systems offer enormous potential 
bandwidth compared with other communication systems. Thus, optical integrated 
devices may play important role in networks switching to achieve ‘All  optical 
Network’ (or sometimes referred to as OOO) as shown in Figure 1.1 which is 
subjected to replace OEO (Optical-Electrical-Optical) switching network in near 
future. Most curent optical switches use an electric core in switching. Advantages of 
OEO switch are flexible and well established but it suffers from electronic 
bottleneck, costly and high power consumption. Thus, the OOO technologies are 
becoming much more attractive than the  OEO because of the avoidance of the 
electronic bottleneck, less expensive, low power switching and independent of data 
protocol [1,2]. Currently, there are few tehnologies of OOO including the thermo-
optics and electro-optics which use optical waveguide as the basic components. 
Therefore, research in optical waveguide is still important and ongoing nowadays, in 
fact it is the first major step towards development of OOO technologies.  
This project is mainly involved in-house fabrication and characterization of 
cyclotene polymer based optical slab waveguide. Slab waveguides were fabricated 
by deposition of polymer onto substrate to form a film layer and spinning the 
substrate on a spinner to spread the layer evenly. Different thicknesses of slab 
2waveguide were realized by using different spin speed. The waveguide layers consist 
of the new type of polymer cyclotene 4024-40 as the waveguiding layer, microscope 
glass as the substrate and air as the cladding. These samples were then characterized 
in terms of refractive index and thickness using prism coupler measurement 
equipment. This technique was first successfull demonstrated in 1969 by Ulrich, Tien 
and Martin [3] which well explained of its basic principle. 
 Prism coupler is well established, versatile, accurate and reliable method and 
until now, many new configurations and modeling of this technique have been 
discussed in published journals [4,5,6] in optical measurement. It is much more 
interesting since this equipment is the first such system available in Malaysia. 
Therefore, this system need to be tested for further use in optical measurement.  The 
next section in this chapter presents the objective, scopes and research methodology 
of this thesis. Description of thesis organization is presented at the end of this 
section.
Figure 1.1: OEO and OOO switch [1] 
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31.2 Objectives 
1)  To establish the attenuation and the losses using polymer slab  
wave  guide  at   various length & thickness 
2) To establish the effect of  rotation per minute (RPM) on the  
 attenuation &  losses for polymer slab wave guide. 
1.3  Scopes of Research 
i. To understand fundamentals of related areas including optical waveguide 
and optical measurement techniques and   
ii. To study properties of cyclotene 4024-40 photo polymer from the                 
given specifications. 
iii. To understand and practice in house fabrication process of slab 
waveguide.
iv. To measure atenuation of the fabricated slab waveguides using prism    
coupler measurement equipment.  
v. To make comparison between results obtained from prism coupler 
measurement and other measurement equipment.   
vi.       To analyse measured results. 
41.4 Research Methodology 
To achieve the objectives, the following steps as shown in Figure 1.2 has
been taken:
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Figure 1.2: Flow chart of research methodology 
Literature Review 
5 This project started with literature review to understand fundamentals, 
requirements, problems and technology related to this topic by reviewed on 
published journals and books.  These include fundamentals of optical waveguide, 
optical measurement technique, and technique of fabrication. The second stage was 
to determine the requirements of this project in terms of facilities, materials and 
equipment. Facility such as clean room for in house fabrication should be well 
equipped prior to the fabrication stage.  A new polymer, the cyclotene 4024-40 was 
used in this experiment, Other equipments such the spincoater, oven, ultrasonic 
cleaner and hotplate were then prepared to their best condition.  The third stage was 
examine the fabricated polymer on the light propagation with particular coated 
polymer. The fourth stage was to characterize the optical properties of the fabricated 
slab waveguide such as width of the propagated light and the attenuation using
suitable  set-up. All the results were collected during both stages. The final stage was 
to write report which is composed of all the findings, results and conclusion. 
1.5  Thesis Organization 
 This thesis is organized into 5 chapters. Begins with Chapter 1 with 
explaination of motivation and importance of the project, objective, scopes and 
research methodology. Chapter 2  is the literature review part, presents related 
theories of dielectric slab waveguide which important in this research. These include 
the derivation of mode in slab waveguide using the ray optic and electromagnetic 
theory, the fabrication part, thermal effect and attenuation.  In Chapter 3,  presents 
various method used to measure attenuation, more focused on the prism coupler 
principle and prism coupler technique in optical measurement. This includes 
measurement of coupling angle in order to determine refractive index and thickness 
of waveguide. Measured results and analysis of data are presented in Chapter 4. 
Finally, Chapter 5 presents the conclucion based from all the works and results 
achieved throughout this research. Several recommendations for further works are 
also given. 
